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|57| Abstract: 

PURPOSE: To provide a new gene DNA useful for the production of L-threonine. 
CONSTITUTION: A gene DNA coding threonine synthase (E.C.4.2.99.2), originated 
from Brevibacterium flavum belonging to coryne-form bacteria and having the DNA 
base sequence of e.g. formula. It can be produced by cloning a coryne- form 
bacterial strain capable of producing threonine synthase, especially Brevibacterium 
flavum MJ233 (PERM BP-1497).COPYRIGHT: (C)1993,JPO&Japio 
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l^WF^^(DVm} V urn ) ^ (E. C. 4. 

* 7 7y<A ( B re vi bacterium f 1 a [SS*^2j J5cODNA*fiSfiJ'J 



GTGGAaACA 


TTTCGACCa 


TGATCaAGC 


CGTAaCCTC 


caccncAG 


TCATATTTTC 


60 


CTGGCCGGTC 


TAGaCXIAGA 


CCGCGGCCTA 


TACCTGCCTG 


CAACCTACCC 


TCAACTAGAT 


120 


CATGCCCAGC 


TGAGTAAATG 


CCGTGAGGTA 


TTACaAACC 


AAGGATACGC 


AGCTTTCGCT 


180 


CGTGAAGTTA 


TCTCCCTGTT 


TCnCATGAC 


ATCOCAGTAG 


AAGACATCAA 


GGCGATCACC 


240 


GCACGCGCCT 


ACACaACCC 


CAACTTCAAC 


AGCGAACACA 


TCCTTCCTCT 


CACCCAACTC 


300 


GAGGACAACA 


mAcacGG 


CCACCTTTCC 


GAAGGCCCAA 


CCCaCCATT 


CAAAGACATG 


360 


gcx:atgcagc 


TCCTCGGCGA 


ACTTTTCGAA 


TACGAGCnC 


GCCGCCGCAA 


CGAAACCATC 


420 


AACATCaAC 


OCGaACCTC 


TGGCGATACC 


ccaocTCTG 


CGGAATACGC 


CATGCGCGGC 


480 


ogcgaggcaa 


TCCGCGTATT 


CATGCTGACC 


CaOCTGGCC 


GCATGACCCC 


AHCCAGCAA 


540 


GCACAGATCT 


nGCCCTTGA 


CCATCCAAAC 


ATCTTCAACA 


TOXrCTCCA 


CCGCGTTrrC 


600 


GACGATTGOC 


AAGACGTAGT 


CAAGGCTGTC 


TCCCaCACG 


CGGAATTTAA 


AAAAGACAAC 


660 


CGaTCGGTG 


CCGTGAACTC 


CATCAACTGG 


cacGcacA 


TGGCACAGGT 


TGTCTACTAC 


720 


GTTTCCTCAT 


GGATCXXKIAC 


CACAACCAGC 


AATGACCAAA 


AGGTCAGCrr 


CTCCGTACCA 


780 


ACCGGCAACT 


TCGGTGAaT 


nCGGCAGGC 


CACATCGCCC 


GCCAAATGGG 


ACTTtmTC 


840 


GATCGCCTtt 


TCGTGGCCAC 


CAACGAAAAC 


GATCTCCTCC 


AOCyiGTTCTT 


COCTACCGGC 


900 


GAaACXX;AC 


TCCGCAGCTC 


OCaCACACC 


CACGACACa 


CCTCACCTTC 


GATGGATATC 


960 


TCCCGCGCCT 


CCAACTTCGA 


CCGTTTCATC 


nCGACCTCC 


TCGCCCGCGA 


CCCCACCCCC 


1020 


GTCAACGATC 


TATTTGGTAC 


CCAGCnCGC 


CAAGGCGGAT 


TaCACTCCC 


TGATCACCCC 


1080 


AACTTTGAAA 


AGGCTGCACC 


ACAATACGGT 


TTCGCCTCCG 


GACGATCCAC 


CCATGCTCAC 


1140 


CGTGTGGCAA 


CCATCCaCA 


aTGCAHCC 


CCCCTCCACG 


TACTAATCGA 


TCCCCACACC 


1200 


GCCGACGGCG 


TTCACGTGGC 


ACGCCAGTGG 


AGGGACGAGC 


TCAACACCCC 


AATaTCCTC 


1260 


CTAGAAACTC 


CACTCCCAGT 


GAAATTTCCC 


GACACCATCG 


TCGAAGCAAT 


TGCTGAAGCA 


1320 


CaCAAACTC 


aCAGCGTTT 


CGCCGCGATC 


ATGGATCCTC 


anCAACGT 


TTOCGACaA 


1380 


CCAAACGACA 


CmTGCAGT 


TAAGCAGTAC 


ATAGTCGATC 


CGATTGCAAG 


CACTTCCCTG 


1440 


AAGTAA 












1446 



'C^^tt6:5^l^:^-^V»^-if (E. C. 4. 2. 9 [fH^Jgal ^5c<^T 5 /KR^rj 

9. 2) Sra-K-rsae^DNAo 

Val Asp Tyr lie Ser Thr Arg Asp Ala Ser Arg Thr Pro Ala Arg Phe 

15 10 1& 

Ser Asp lie Leu Leu Gly Cly Leu Ala Pro Asp Gly Gly Leu Tyr Leu 

20 25 30 

Pro Ala Thr Tyr Pro Gin Leu Asp Asp Ala Gin Leu Ser Lys Trp Arg 

35 40 45 

Glu Val Leu Ala Asn Glu Gly Tyr Ala Ala Uu Ala Ala Glu Val lie 

50 55 60 

Ser Leu Phe Val Asp Asp lie Pro Val Glu Asp He Lys Ala lie Thr 
65 70 75 80 

Ala Arg Ala Tyr Thr Tyr Pro Lys Phe Asn Ser Glu Asp He Val Pro 

85 90 95 

Val Thr Glu Leu Glu Asp Asn He Tyr Leu Gly His Leu Ser Glu Gly 

100 105 110 

Pro Thr Ala Ala Phe Lys Asp Met Ala Net Gin Leu Leu Gly Glu Leu 

115 120 125 

Phe Glu Tyr Glu Leu Arg Arg Arg Asn Glu Thr lie Asn He Leu Gly 

130 135 140 

Ala Thr Ser Cly Asp Thr Gly Ser Ser Ala Glu Tyr Ala Met Arg Cly 
145 150 155 160 
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Arg Glu Cly He Arg Val Phe Met Leu Thr Pro Ala Gly Arg Met Thr 

165 170 175 

Pro Phe Gin Gin Ala Gin Met Phe Gly Leu Asp Asp Pro Asn He Phe 

180 185 190 

Asn lie Ala Leu Asp Gly Val Phe Asp Asp Cys Gin Asp Val Val Lys 

195 200 205 

Ala Val Ser Ala Asp Ala Glu Phe Lys Lys Asp Asn Arg He Gly Ala 

210 215 220 

Val Asn Ser lie Asn Trp Ala Arg Leu Met Ala Gin Val Val Tyr Tyr 
225 230 235 240 

Val Ser Ser Trp He Arg Thr Thr Thr Ser Asn Asp Gin Lys Val Ser 

245 250 255 

Phe Ser Val Pro Thr Cly Asn Phe Gly Asp He Cys Ala Gly His He 

260 265 270 

Ala Arg Gin Met Gly Uu Pro lie Asp Arg Leu He Val Ala Tlir Asn 

275 280 285 

Glu Asn Asp Val Leu Asp Glu Phe Phe Arg Thr Gly Asp Tyr Arg Val 

290 295 300 

Arg Ser Ser Ala Asp Thr His Glu Thr Ser Ser Pro Ser Met Asp He 
305 310 315 320 

Ser Arg Ala Ser Asn Phe Glu Arg Phe He Phe Asp Leu Leu Gly Arg 

325 330 335 

Asp Ala Thr Arg Val Asn Asp Leu Phe Gly Thr Gin Val Arg Gin Gly 

340 345 350 

Gly Phe Ser Leu Ala Asp Asp Ala Asn Phe Glu Lys Ala Ala Ala Glu 

355 360 365 

Tyr Gly Phe Ala Ser Gly Arg Ser Thr His Ala Asp Arg Val Ala Thr 

370 375 380 

He Ala Asp Val His Ser Arg Leu Asp Val Leu He Asp Pro His Thr 
385 390 395 400 

Ala Asp Gly Val His Val Ala Arg Gin Trp Arg Asp Glu Val Asn Thr 

405 410 415 

Pro He He Val Leu Glu Thr Ala Leu Pro Val Lys Phe Ala Asp Thr 

420 425 430 

He Val Glu Ala He Gly Glu Ala Pro Gin Thr Pro Glu Arg Phe Ala 

435 440 445 

Ala He Met Asp Ala Pro Phe Lys Val Ser Asp Leu Pro Asn Asp Thr 

450 455 460 

Asp Ala Val Lys Cln Tyr He Val Asp Ala He Ala Asn Thr Ser Val 

475 480 

[0 0 0 1 I 

(E. C. 4. 2. 9 9. 2. ) $r=»-K-f 6ia^^$: 



465 470 
Lys 

'Cir^^iv^y^U:^:::^>i^>^—if (£. C. 4. 2. 9 
9. 2. ) ^:3-Ki-^itfe^DNAo 
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^ ( Brevibacterium f 1 a v um ) ^ 

[0 0 0 21 L-yi^>ii, ^^mr^y&ttvxm&'R 

[00 0 3] 

ii. ^m^4 7-1 90 8 7^^«1. i»l^B85 4-3 2 

[4^SBB85 8-1 26 7 89^>ii«, 1$WBg6 0-3 0 
6 9 3-§-4^^. 1*5I|B86 2-1 86 79 5^^=®^# 
fig) o L*-LJ5j:;d5e>. tife^li5e$nrv>6:^rifelc:j;6L 

(0 0 0 4) — :^U';zr-^:^»^— ^ (e. C. 
4. 2. 9 9. 2. ) «:=>-Ki-6®e^^LXW:. 3i 

y t r - 3 y ( Escherichia c o 1 
J,) 63lefOia^^ (Nucleic Acids Re 
search 1 1 . p 7 3 3 1 p 7 3 4 5#^) 3$: 

^ (E. C. 4. 2. 9 9. 2. ) 

revibacterium lactofermen 
turn ) . ^V4^y<^y'l}t^M.'^/U^^:Jt}M. (Cor 
ynebacterium glutamicum ) 
t'^^htlXl^^^ (Nucileic Acids Re 
search 1 6 , p985 9. 1988; Mole 
cularMicrobiology, p]693 
-'P 1 70 2. 1 990#fi8). L*^t/ir>d5^. yuif 
^<i^7'D^M.'yyy<J^ ( Brevibacteriu 
m f I a V u m ) ti&3l5<o;^ U';i-=.>^w^— (E. 
c. 4. 2. 9 9. 2. ) $r 3- K-r '5iSC^lcov^x 
lit* 3fc<oa$0i|rii,^ t> /j^ I \ 
(0005} 

t^y<^7^i) ^2:, . yy/<Jx ( Brevibacteri 
ujn f 1 a V urn ) t^%(Oy^\yit:=-l/iy>9^^ 
(E. C. 4. 2. 9 9. 2. ) ^='-K-#-5i&e^^ 



[0 0 0 61 

='y^M«fiiii^^®iEiftL, ^?^ff«5jft$itn:=iy 

( 0 0 0 7 1 \.X%%m^^h.\l 

(1) ay^^ttaicjsf 5ynr^<^7^y »>A . 

NA ; 

(2) SEa{s^DNA*5^A$iT,yi:ia»xir7:?^^ K; 

(3) ^lBl$^;tyv:^5 K-CJI^S«Eij|$Hfc=iy.:icSltt 

(4) as^ate«$ixfc3y;^^«8as«:^v^, ^^/ua- 

[0 0 0 8] IJtT. **?^(coi^"C$P>SCs^jtelcSiqg-r 

^DNAj tfi. Jl^;^3n;j;^-ty vj:*? y vjij^/j^jg^ 

•t*3fci3^:^u:fr:>''»^--^ (E. c. 
4. 2. 99. 2. y ^r^-K-f 6ite^DNAiSrjg* 

e^^r^trDNAW^i- (etT. TAWrK-j irISft; 

Jlt::yn^^<i^7^y C^A • (B r e v i b 

a c t e r i um flavuin )Ml233 (FER 
M B P - 1 4 9 7) :feJ:r/^t<^**ttcdS«*lJlCttffi$ 

[0 0 0 91 ^fs^h<o^^mm.^i^t-hKmfx^mkt 

y!>A*77y<AMJ~2 3 3 (PERM BP- 14 

9 7) »<o|fefe«:±t;:#^tL. r<D|fefe(*:^as/i:^|8 
[0 0 10] 5fer. :/nr/^i?Ty • 77/<am j 

-2 3 3»(;)^#/fe}&^P>?fefe(|:DNA:^IAtfi-f:5. Z.(r> 
lfefe»DNAira^/^$iJK«f^. 0yxffSp h I ^r^i^ 
T»fe*f:DNA*^±lc:5>«fi-6. ^^6tL^.DN AWf^f- 
^r^ n-zi^-^^^ 0^X.«fpHSG3 99 (^iB 

(:tiya:ytT-=>y) 5f|^>tt^CGSC5 0 7 7 (aii^ 
3:ytT-3y ^/^^^y- ' ysV>y^ -fev^- 
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(Escherichia coli Genetic 
Stock Center), > h^^/^ 

-f7t-n>?— , (Departm 
ent ofBiology, Yale Univer 
sity) ;P. O. Box6666New Have 
n. CT 06511-744. U. S. A. 

loom 'i^htimwrnrnkx^z/y^^ kdna 

^ 1 

mm»m mm^jiLm 

B a mH I 1 

P s t I 1 

Dd e I 2 

Ml u I 1 

Xh o 1 1 

H i n cll 2 

loo 1 5j /£i6. :^mmm\c)6\,^x. mm»m\cxi 
fmmmt^j II. DNA»r>tx«7^^^^ K$r. mm 

[ooi6j*yt. r^»r»f)tflr>:*:t*j Rut:/^;^^ 
'i* ^'>3:y tr • ayo^A^^T-v^ (;iphag 

e) <OT>f^A^mmm^H i nd III •C^»rUT^C> 
n 5 5> ^ a K ^ c?5 D N A »r 1^ - r :if n - y /I. Jt -c 

r-3y(D:7T^-^5'i5'^i747r~':/ (<^xi7 

4 phage) <ODNA$r©JfiB»^Ha e lIIT^HfrL 
Tl§f>tl5»^fiR^ODNA«(r;i-<0|^-2|f yr^ y^i^ 

<7>Xtt^^1mULX^lt^^ ^DNA»r>t<0^# 
^r^fflU. ^0. 1 k bd*e> 1 k b5fc?«;(^)^;5-(0:Ac^$ 



s c 5 0 7 7 id^A L. m^mmizmw-r^, 

loo 1 2] mhti^mnm».i^x^yy7.^ kdna 

utfy^^T" y - yy^<jUM} - 2 3 3|ilcS^&f|:A^ 
OA»r>T-«:lffeSi-©^-r6^^r?J5-ct6o Z<OX^izL 

r^p>tt^AWr>i-<o-oii. ±isyn:r/<:^xy . 

:77^<AM J - 2 3 3^<OSfefei*:DNA«r$fIffi»3Sf S p 

^^i>m2, 6kh<oDNAm}i^m^fbztt^x^ 

[0 0 I 3 J :^C0*^J2. 6 k b<^;^ Ui^z^^^v'^^— ^ 
^3-K*f6i6fe^^$tfDNA»r>i'$:. 

Tiejg 1 ^ic^i". 
[00 14] 

1. 2, K 4 

1. 0. 1. 6 

0.5.0.7.1.4 

0. 6. 2. 0 

0.8.1.8 

0. 1. 0. 9. 1. 6 

10 0 171 — ±iB<o:/utr^<^xy r>A • y^y^ 

i.MJ-2 3 3<Oft^(4:DNA$:$ijR8S^^Sph 1 Icj: 
oT^»H-<5ri:icJ;0»e>*v5:^t$2)5*tj2. 6k b 
ODNAWf«-|cov^Tll. ^E:<o46Sffi3?(l$r>^7;^^ Kp 
uc 1 1 sisxvx^tinpvc 1 1 9 ^ 

ffll^if^jJ-^rv-j^iJ^ Ix:^^ K»3Rj£ (d i d e o X y 
chain termination Sange 
r, F. et. al. , Proc. Natl. Aca 
d. Sc i. USA, 7 4 , p5463. 197 7) 

X^^^-r^-ti^txt^o :i(OXo\ZL.X^^\^it± 

ia*^ 2 . 6 k b (0 D N Am)i<ommmm:t-y> y - 

^^^--t^^^m-r^tayxh^. 4 8HBcDT^/»«r 

K-rs 1 4 4 3oifiS3ttA*6«^$tiri^5o 
lo 0 1 81 ±^Lit^mm^m(Dmn^^^ : i ic^-r 

-Ki-iiife^^^tPDNA»?>t-|i. 5^^co:/uiry<i;r 

7^ y . :77>'<ASfcfe(4:DNA;5-e>^>l«$tLJ^tOO 
^>'«ce>T. 3S^ffll^e>ix5DNA^J«i5g. 
^■^^IhKSy s t em- 1 P 1 u s $-ffil^T^^^ 

riftt(r>xh^xi>xi\ 

[0 0 1 91 ^it. ±Sco$D<ynr/^^v^y »>A . 7 

7^<AM J - 2 3 3 05fefe^DNAd^blct,^^n6:*^% 
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<. t^h\zmmm¥i<o-'mmi&:^fvx\.^^i,<oxho 

DNA (A»f>i-) K, Wxtf, 

[00 2 1 J 5fc^iw<o:^U2}-n>'>:^^^-^^3 

[0 0 2 21 ^IB^^OAWr/^-^r^A-t-arirdJ-e^^S, 

t>^tfy7^^ K^i5^^-<b Lr«. {Tilxtf, 4#§g5}c3 
-2101 84^^«tCiS«(Dr7>^^ KpCRY3 
0 : 1^08^2 - 2 7 6 5 7 5 ^<d:m^Z^1Si(Dy y ^ K 
PCRY2K PCRY2KE. pCRY2KX. pC 
RY3K pCRY3KEXOtpCRY3KX 
1-19 1 eS6^{^m::mm<r>^y:^^ KpCRY2 
&T/pCRY3 ;4tMB85 8-6 7 6 7 9^^«iCieft 
Op AM3 3 0 ; 4^0BB86 8-7 7 8 9 5^>&«Jc|Bft 
p HM 1 5 1 9 ; I^WBS 58~1 92900 ^^^J^miZ 
ie«cOpAJ 6 5 5. P AJ 6 1 liil^pA J 1 8 4 

4 ;4*MB85 7-1 3 4 5 0 0 ^tc8B«<D p C G 1 ; ^ 
D3H85 8-3 5 1 9 7 #<Si^(cge^(0 p CG 2 ; 4^5983 

5 7 - 1 8 3 7 9 9^^«tCiBtt<^p CG 4 AUfp CG 

[0 0 2 3J ^viy=iv^mmm<r>^±-^^'$^-^v 
mm^x:/yy.i. h'<D^c^immi:m^m^^t^h-> 

i>mm^\.<. mif, T'y;^^ KpCRY30, p 
CRY2K PCRY2KE. pCRY2KE. pCR 
Y2KX. PCRY31, p OR Y 3 K E&tf p C R Y 

[0 0 2 41 ±£^7^5 K^^^ — p CRY 3 05:81 

M-t^:^mtvxn. r/i^e'x^^'r y !>A • 

^ ( Brevibacterium s t a t i o n i 
_s) 1 FOl 2 1 44 (PERM BP-2 5 1 5) ;&> 



^^^^^ KpBYSoa (Z(oyyy.% h'(DUmz^ 

V^T{i4^ffi^l-95 7 8 5^^^#fla) DNA«r»« 

^jffiB^Xho 1 T-:*:^$;d5j|^4- 0kb<o::^7;=^ 

^ K<0«5!|igjam^$r^6iSfe^^^tfDNA»fK-$r^ 
OWL, MKI^lSlEc oRl*5<l:0fKpTi 

^2, 1 k bco^yy^x h*<Dic^imm^^imB^^ 

^tfDNA^r/t^^om-r* ::ixb(ommn^yyy^^ 

KpHSG2 98 (^SitM) <^EcoRK Kpn! 

K-<^ >5r-pCRY30 ^mmr^ C: i>^X^ 6o 

[0 0 2 51 ftfc, ±12^7:^^ K^^^' »0;$:?BW 

t:i\zmmAm}i$sXxmiRLt:yy::^% K^^^-^ 

^:^^t;:f2?i:rs ur-^x^mLx^mMi&t'r 

i>:^K ^fctiiS^/jrr^v^iJ'-DNACO^^^^TiCDNA 

y ;<f — ^fti3®-Cigje * -^5 r Id J: 9 tT 9 ^ 36>r t 

[00261 >^7>^^ KpCRY3 0^(D4s:5593OA»f 
^i-oaiAtt, 7^7:^ ^ KpCRY3 0$r«iJ(fig|i{?E c o 

-K-r6jS^^$r^tfDNA»r;t {Am}^) $rDNAy 

(0 0 2 71 TDK LXi^^th^yy^K^ KpCRY3 
0\c:$:^m<o:k^i^:^i>m2. 5 kb(DAm)i^mALft 

W#e>tt::ti.*7'7;^^ KpCRY3 0-t h st^^ 

Lfco >^7:^? KpCRY3 0- t h s <Di^fS.:^m<D^ 

(0 0 2 81 :i<o<l:9lcLTitfiK^tt6;^U3f-v» 
^ffle^^^tf=i y^SIUBBif^i-c^igMnifiB/^y 

Ty5^A-77^<-&.MJ-2 3 3 (PERM BP-1 
4 9 7) , :/l-tr/>*^ry • 7yy^^MJ-2 3 3 
-AB-41 (PERM BP- 1 4 98) , :/Hf/< 
^xy • >^7y<isMJ - 2 3 3-ABT- 1 1 (P 
ERM BP-1 500) , y^e>'^^xy !>A - 77 
^<AMJ-2 33-ABD-2 1 (PERM BP-1 

4 9 9) mmfhti^. 

[0 0 2 91 ±ie<OPERM BP- 1 4 98tO 

Kttfi. PERM B P - 1 4 9 7<om^^m$kt LT 

D L - o -r ^ /i^mmi^^mmmctfM'^tift::'^ ^ y 
—^^^itmk±^xh^ m^^m 59-28393^^ 

o FERMBP-l SOOOSSttctt. F 

ERM BP-l 4 9 7<DS^^H«ci:LfcL-o-T 
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B86 2-5 1 9 98^^«#Rg) , $A>;c. PERM 
B P - I 4 9 9<D||»(^FERM BP - 1 4 9 7 Og| 

3f»*1c-e*>6 i^m^Se 1-1 7 7 9 9 3^^^# 

10 0 3 01 cn^cD^8[^!|ftj(ote(c, yutv<^T-»;'> 

^ T^^^-TY^^ (Brevi bacter ium 
a mm o niagenes ) ATCC68 7 1, 
TCCI 3 7 4 5. f^ATCC 1 3 7 4 6; 
"rV ^■U'y'y<V:JlJ^J^ (Brevibacteriu 
m divaricatum) ATCC14020;:/ 

bacter iumlactofermentum ) A 
TCC 1 3 8 6 9 ; ay^^^^-^!! <^A • ^T/l^^^ijj^ 
(Corynebac ter ium g I u t a m i c 
jjm) ATCC3 1 8 3 l^SrS^a^^ftri: LT^V^6 

lO 0 3 1 J m±t LX:/UYfy^^y'V • 37 

yy<jxM J - 2 3 3 m^<omm^m^^i>m^. ^mm> 

fit^r-rs::^^;^? KpBY5 0 2 (4*§BHS6 3-3 6 7 

pBY5 0 2$rB^ife-r6:^^*5m*LV\ ^(OX^fj:':^ 
y:^^ KpBY5 0 2$rR§^*-r6:J^i*<b UT«. 

(Bact. Rev. 3 6 p. 3 6 1^4 0 5 (1 9 
7 2) ^rni . KpBYSO 2^:A^6«J{i: 

f 0 0 3 21 ^g^r/Ut^/^iJ'xy . v'^/^i.MJ - 
2 3 3cr>^'^i:^^±\cm^'r^^^(Or^ V i^,y:t\^ 
i^i^(«K:0. 2-5 0/1 g/m 1) <>L<tt3:^i^ 
.>A>^a^ K (as : 0. 2- 5 0 // g/m I ) ^^-^ 
tr^Slfelc. 1 ml ^0*^1 0jttiiatc/j:-5J:9tcMMt, 
^r^^^m* 2 4 3 5 'CT^II 

5 Kaitll«f^«r^Tt\ y^;^^ KpBY5 0 2:65M^*^? 
nri^5ttc«rjS^i-5o KpB 
Y 5 0 2;iSBS^^$tifcy utTx^^r y A • yy^<M.M 
J - 2 3 3lto*Bttd5^f>tl<&. 

[00 3 31 ^oJ:p(cUT^e>H^yue'y^^7"y r> 

A. 7 7Z<AMJ-2 3 3*5jE||»-.<0gne>^7;^^ K 

<oj^K<E»!fe^ trwt. y fcT • =1 y&ufjc/vf 

• :<7n hiK7lCOV>X^^JxTV^6J:9lC (Ca 1 
vin. N. M. and Hanawalt^P. 
C, Journal of Bacteriolog 
Vr 1 7 0 , 2796 (1988) ;Ito. K. ,N 
ishida, T. andlzaki. K. , Agri 
cultural and Biological C 



h em i s t r y, 5 2 , 2 9 3 (1 9 8 8) , 
DNAS^BI--0/</U>^i£iia CS a t o h, Y. et 
al.. Journal of Industrie 
1 Microbiology,^, 159(199 

0) mm] icj: 0 7^7X5 v^mx-r^-ti^^m.-r^h 

10 0 3 41 UX^§e>tL6. ^^m<r>^ :^uj^r=-> 
v'V^— ^«r=>- K-rSite^DNAJJS^A^ttfcz/^ 

mMi^mtLXit. mz.^mtd\^-ft:fy;^^ KpCRY 
3 0 - t h s ^^^'f'^Z^U\fy<^y' tj i>A • 7yy<J^ 
MJ 233-ths (PERM P-1 2858) 

(0 0 3 51 ±m(o:^mxmm^ts^Lxnhti^:^i^^ 

^M±ffi«:#i-S=»y;^S!»ia. 0f;tlfy 
l^b-z^^T^y »>A • >^7Z<AMJ -2 3 363fe«cO^|{ 

farv^-c^A, ififtr^^^nijrA, fiBfiftrv^ni:^ 
A, ^^^3&5-eix^n¥3!6t. t< \tm^vxm\^^h^ 

A, y>/sr-*3^;^y 5rA, «is»-7^^>>!>A^d5^v^ 
10 0 3 61 m^n. a^. ii^ffii^. ^a^o^^i* 

ftT(^. *?)2 0~|^l4 0t:. »*L<tt|«fj2 5t:-j»3 

5t:<?5iaft"eff9w^:*5-e^5^ :^liii^t><?5pHii5- 

1 0. »*L<117-8#i5^-f-<5^<!:;55-c$, ^^ifi 

<^ p H^t±mxnr/ujtj v^^mLxn^zti^^xt 

%. 5Eic»^L<H2-3^S%-C*)6o ^fe. 
K«:ii«^l-'7 0rai:-rs::,!:d>-Ct. ScMmmitBl^ 

CO 0 3 71 w(^J:9JcUT^#e>tt6iS««^Xtt»««> 

m^im^^:^mm^xttttiibx ^mt^^m^fy} 

[0 0 3 81 X^ii^l^X^^miZ'^Ptai. ^fVzu^y^i^^ 
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^:^^f ^-ti: r ^ L U:;^-::! >4Z>®it 

(00 3 9) mc, *3BW<o>^9>^ ^ K-ej^a4E«L 9 

Wi- 6 fta^^ ic::jo I ^TjU n — ;^ /V=^— *-4g: 

[0 0 4 0 J ±ie;K<4^lt^?af«l'<0i/yP=i->«:«^li, ii 

»o. 1-5. oafl[%o©Hi^^i-^»r^d5T#5« 

[0 0 4 1 1 ^;tc^iS:i««. ±ge<Oj: pic. ^yi^zz^ 
^ Ljao b-itf^ irmnmc u/jT V ^7K*> 6 1 ^ 

^> : (NH4)2 SO^ 2g/l ;KH2 PO^ 0. 5g 
/I ; K2 HPO^ 0. 5g/l ;MgS04 • 7 
00. 5g/l;FeS04 • 7 H2 O 2 0 p p m ; M 
nSO^ • 4-6H2 020 p pni^Wr6pH7. 6 

«l<o«a:«rSWc UT-I5?tc 1-50% (wt/vo 

1) . »*L<tt2-20% (wt/vo 1) 



^r/Bv>5S^|g^li. -«fic*5j2 0~ii^j5ot;. 

< tt»3 0'-«?l4 O'COiaStfifi^jl^ I 0-*lj7 2I^W 

(00441 ±ieiOjtQ< »3g^|£:(C ioT^-f 6 L- 
[004 5] 

■f\^\^/<^'r^)^J>. ' yyy<KM}- 2 3 3*3I5(0;^U 

[0 0 4 61 (A) 77>^<AMJ 
-2 3 3<D^DNA(?^am 

^^^^A^% : «|g 2 g . (NH^)2 S 

7g. K2 HPO4 0. 5g. KH2 PO4 0. 5g. 
MgSO^O. 5g, FeSO^ •7H2 06mg,M 
nS0^4-6H2 06mg. m^=^^:^2. 5 g . ;& 
if:$/l»5g. tr5*'^>2 OOm g. a^ft^r^ V20 
Om g. ://J'=i--X2 0g. ^®7M 1) 1 nc>^Utr 
^^^^xyi>iH-77^<AMJ~2 3 3 (PERM BP 
- 1 4 9 7) S'S*«li«MaJB*Tlg«U. 3S«:4r««) 
fco ^e>ixfc®(!f:^l Omg/m 1 :/^— A 

^^01 OmM Na C 1 - 2 0 mM h y >^|gWS^ (p 
H8. 0) -ImM EDTA-2Na»»fl 5m nc 
SSLfc. IJclcynT^'^^-^K^, 1 0 0 

g/m Hc/ir6J: ptc^^lflL. 3 7 t^T 1 ^Rflflitia U 
fco ^e>lcKx^^/w«8ESft-fKy r>ASra«l««d5 0. 5 

%tc/^6J:9icssiraL. 5 ot:T6^ra«/aLTSiiL 
?«^r«&^DU ^ta-ci o»iaji^»6-^*-«cfifflbfc«, ^ 

fi«riS'6^« (5. OOOXg, 2 0^>P^, 10-12 

t:) u ±«®^$r^®u. fi^Sf^hy i>A^o. 3M 

SIfctfc. »e>nfcDNAK:i OmMhyy^a«» 
(pH7. 5) -ImM EDTA • 2Na^?ff5m I 

[004 71 (B) m»x,(i^inmm 

±15 (A) iS-C^fc:/ue/<^xy i>A . :77/<AMj 
-2 3 3O^DNA®^(?>9 0m 1 trffelRR^^Sph J 
5 0 u n i t s «rfflt\ 3 7X:iJ 1 ^Rg^l£:$-e:^±^> 
^Uyto rOSph I5^^|?DNAIC^o— ^^^^^^-jr 
-~pUC119 (S©itJ:OmiR) «r$IJIfiS#^Sph I 
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'c^mx.ftm. ^')>mmmvtih<r>^mBh^ so 

mMhD ^mWWL {pH7. 6). 1 0 mMi^^'Jt:^ l> 
>r ImM ATP. 1 OmM MgCl^Rl^ 

T4DNAy:«f— ^1 u n i t<0^^^^mML i^S& 

1004 81 (C) g$r=i— K-t-6 

ycGsc5077 (the c 1 0 0 1 ) -e*>a 

type) ^r^i") . 

[0 0 4 91 ±ffi (B) ]K"C»P>*tfc:/7;^$ KiS««r 

mtiJ/^i^^M. (Journal of Mol 
ecular Biology, 5 3 , 1 5 9, 1 97 

0) icj:9±8e^->xy tr • ayCGSCS 0 7 7*^ 

^^nU^X.. ^n7A:7a.zL=i^/V5 0mg^-&tf« 
^*gflt!l (Kg HPO^ 7g, KH2 PO4 2g. (NH 

B amH I 2 
P s t I 2 
H i n d III 1 
[0 0 5 31 J:iao$iJi$li|^lcJ:»?^?jm-:5»t6na:/7 
K^pUCl 19-th st^^Vtz, i^±lcj:») 

;i5J^2. 7kb<^DNA»;t (SphlWW 

[00 541 mm^2 

Ai-doir^r. ^O^SK^i|«r:?^7;^^ KpUC 1 1 8io 

jiiTpuci 19 {^mmk) ^m^^i>'J7'^^i^y^^ 

K»|R& (dideoxy chain ter 
mination^) (Sahger, F. et a 
1. , Proc. Nat. Acad. Sci. USA 
74 > 54 6 3, 1 97 7) \ZX^m2\Zml.1tmm 

(00551 ^ioiA.mm^<o:t-y> y >iry 
4 8 HB<^T^ K-r 51 4 4 30J|gS^J:?> 

[00561 mmm3 

R Y 3 0 (O^f^ 
(A) -fy^^ KpBYSO 3cDPg$;^ 



4>2 SO4 1 g. Mg so^ • 7H2 00. 1 g. if/l^ 

=^-y^ 2 0 g&xj^m^ 1 6 g ^msTk 1 1 lea 

(00501 :i cr)^Jfi±<0^ Wtt ^ ^156IC <t 

t. mmm2:^':fyy^^ KDNA^rttfflU. Kt'^x^ 

ffli^-CS5-<fci::5. y^J^^ KpUCl 1 9<J9S$ 
3. 2 k biODNAW/^ICimx. :^$2. 6 k bO»A 

DNA»r>fri5^y)e>*Lfco ^^(Dmmmmxmwri^ftt 
[005 11 -Mti^mx^ityyy^^ h^t^mmmm^ 

Ti5lg2^lC^i-. 
(00521 
[f&2l 

UCl 1 9-1 h s 



^»r»;T-o;^#^ (kb) 

1.4.4.4 
0. 9, 4. 9 
5. 8 

Kp BY5 0 311. :/U'f/<^^xy • 
f':^^^;^ I FOl 2 1 4 4 (PERM BP-2 5 1 
5) A^b5>«$ttfc5>^a*5l 0:^ff^/i^h.yo>:fy>^ 
^ VXh*>. 1*ra5|Zi-957 8 5^^«lCSEttOj:5 

[00571 ^^^fSimmAmm m^a 2 g . (nh^)^ 
7 g. K2 HPO4 0. 5 g, PO4 0. 

5g. MgSO^ 0. 5g. FeSO^ • 7 06m 
g. MnSO^ • 4'^6H2 06mg. m^^^^2, 

5g. :^^^/wtsg. e^:i-v2 0 0ii g. mm'^r 

^>200(ig. ://^3->^2 0g2S^U5^®;tci n 1 
I JC, yutTA^^f^y i^A • l FOl 2 1 

4 4$r^»:<05S^g||)!*-e^|^U. ^§f> 
ittimw^i Omg/mi ofli^cy y'^-A^^tflB 

SffK (25mMhy;^ (fc h'vi^>ji^/u) r%/i^9 
1 OmMOEDTA, 5 0 mMi//l^=i— 2 0ra 

ijc»®u ^ix.x\msim:>^'^it. wfmxzTfv 

;<?y-SDSift (0. 2N NaOH. 1 % (W/V) 
SDS) 4 Om 1 iS-SSjtoL. g^^-^Cj^LT^filcr 
1 5^>ra^iaL:t, 2^1::, r(0Si£;?fflcg^i^;5i y ^> A» 

(SMRtt^t^y-^A^^eOml. glEigl 1. Sm 
1.^®;K2 8. SmK^iB-^ffi] 3 0ml«:»JtoL. 

3/£5>iSfiitr;)^t>7)c*«t>ici 5^>p^»iatfc, 
[0 0 5 81 »««»^fi«ra4:^«u:^u, 4t:rio$^ 

ng. 15, 0 0 0 X g <r>^»h^mzt^\'^ . ^m&L^^i^ 
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S'^^JC^L. ^ST-C 5^185. 15, OOOXg 

(om^b^MicM^^ Am^m^^i^it^ A^mc2mM<o:r. 

5^m. 15, OOOXg<oa.65>«lC3JMt. «t««:lHlilR 

[0 0 5 91 tmtrmEmk'^. TEmmm chy^i 

OmM. EDTA 1 mM ; HC I »CT p H 8. 0|CP8 

{]&©l£<DTEi®»fdl[l 0 0m ncil['fb-fe:>r>Al 7 0g 
t^mmt^-^itm} l Sml ^ l Omg/mlJif^i;!^^^ 
yn-r^ K^f^l m I $rJ!«)x.T. ^BS^r 1 . 3 9 2 g/ 
m 1 IC^tHtfc, w<0^tt«r 1 2*0^4 2^rB^, 1 1 
6, OOOXgCDi8'L>5>ltt«r^Tofc« 

[0 0 6 01 ^^^^ KpBYSO 3ri^^»BgM*cJ: 

> KS:ffiltSg-Cia'L»«<OWffid*P>ft 1 1 ^ r J: 0 . 
y7;^5:KpBY503 ^^t?5>®fl3?^1§fCo ^^vx-cc 

0 3 $:^tf static 3 Mmm-r h d i^^mm%:&»»& 

O'Cmrr^S^fSLy^o r<D®fd^<Srl 5, OOOXgc^^^ 
0 3«:5 0m g^fco 

[006 1 1 (B) yy:^^ K^^^-dCRYS o<?:> 

r^;^^ KpHSG2 9 8 (^iBig«) 0. Sug^iSI 
Hef^Sa II (Sun i t s) ^37X:immRf^^ 
it. zTy^^ KDNA^r^^lC5^/i|Lfco ±IB (A) >S 

r^$« Lfc:/^ ;^^KpBY503<D2Mg 

xhoi (1 u n i t) ^3 7t:-C30^>Kfi[rt;$-ti:. 

KDNA^rS!l5^5W«Lfco 
[0 0 6 21 m^^-^y:^^ KDN A^^/S^^r^g^g- L. 
J|iJIS«^^iSr^fiH4{ti-5yS:y)^C6 5t;-Cl 05>^1;tofi^a 

0mMhy;^««frBtpH7. 6, lOmM MgC 

1 0mMi/f^5f>< U-r yl^, 1 mM AT PA 
t/T4DNAy;<f— tf 1 un i t IC/^e J: 7 J-^^^^^r 

^a^kt. 1 encTi 5i^ra»ffiLfco ^<o®f«*iHu>T 

:i:'>a.y tr • JMI 0 9=i>e7^>'h-feyW (^jg 

[0 0 6 31 ?^Ste»tt«3 0/1 g/ml 
(7);<7-^-r^'>V. 100/ig/ml O I P 

K) lOO^g/ml cOX-ga I (5- 

:/Dqe-4-^Dcr-3 K y/w- 
htr^y^^K) Sr^tirLi^^ (hy:/hviOg. 

:ii:^^5g. NaCI 5 g&Ut3S®;jci I, pH7. 



2) -C3 7t:J::-C2 4^F»^«F«t. ±W«ctLT^f^ix 

fct>0$rii^L. ^-^r^y;^^ K^Tyu:*? y - S D Sft 
(T. Maniatjs, E, F. Fritsch, 
J. Sambrook» *M olecular clo 
ning" (1982) p9 0-9 1 ^fiS) 

[0 0 6 41 ^Ott*, KpHSG2 9 8<OS 

a I \ %m^^y:^^ KpBY5 0 3fe3l^<O);i^4. Ok 
b(DWr>i-d5|fA*n]/h7'7-:^^ KpHSG2 9 8-0 r 
i ;ft5#?>Hfco »:JCRa<055fife^rffii\ fil^ga (a) 
^§e>ixfc:/7X^ KpBY5 0 3DNA5r^IS|»«Kp 
n I&U^Ec oR ncTia3lLr^^P>il5»2. Ikb 
ODNAter>i-«r±fa7'7;^^ KpHSG298-ori 
<OKp n I fi^t/E c o R I ^ n>^^ -fy 

K-<^^"pCRY3 0*:il«LfCo 
[00651 jllS0i4 

KpCRY3 0- t h sCDt^^Xt/ay^aai 

^IfeWi© (c) ^'Q%hi^lt,-:fyy^^ KpUCi 1 9 
- t h s 5 g ^S^JRRgJ^RS p h I 5 u n i is 

3 710^1 WS^^-^5>ijfUrct>^i:. EcoRiy 

(Siijti:Orfi^) iMl^riig^U 5 0mMh 
y^«»»E (pH7. 6) . 1 0mMi^^:i->M^^ h — 
ImM ATP, lOmM Mg C 1 2 *5«tl5T4 
DNAy;y— ^1 un i t O^fifc^^rjl^ L (#fi!^3^(D 
««WtS^»S-C*>6) . 1 2t:-ei 5i^raR*£:$-tf» 

[0 0 6 61 w<DDNA$r©JK»^Ec oR I 3un 

i t s^ffit^a 7t:Tmro^$-fr^Lfct><z>^, 

^ife^30 (B) ^T^t>n;^y^^^ KpCRY3 0 
1 M g €r*yK^II5E c o R 1 1 u n i t 5rlBv\ 3 
7t:-eii^WRl£:$-fr^»Lyh'b<^«riS'&L, 5 0niM 

hy;^tgff#R (pH7. 6). 1 OmMv^f^^^U^r h 
ImM ATP. 1 OmM MgCl2*5j:i/T 

4 D AN !l 1 u n i t <0#^5>^|rSfetlD U (*fiK4> 
<0itar±g*lsaTfc5) , 1 2t:Ti s^f^s^j;^-^ 
^^^-fr^to rcOT'^A^ KSrfflv>T. il?rE:*rj5fe(ce*l^ 
Bi^se^ii/aiy tr • 3Ucgsc5 0 7 7l*«r?^ir<g« 
t. v-v-s 0 M g/m 1 $r-&?^)l^mi6 
HPO^ 7g. KH2 PO4 2g. (NH^>2 SO^ 1 
g.MgSO^ 'rHaOO. Ig, ;;^2 0g 
iLXf^m^ 1 6 g $r|l®;fc 1 1 \mm\ IcH^fc L/bo 

[ 0 0 6 7 1 r OJ&lft±<0^W«$r^&{C J; 0 
U mmi.^-fy7.^ KDNA^ttfflU tt^^;^^ 

^i>XS9^fcir^. 7^7;^^ KpCRY3 0<O;g$ 
8. 6 k btf^PNAWmcJto^. :^$$2. 6kb<0# 

ADNA^fK-Ti'^i^ibnybo ±ieto^o<igs^ixfc:/7 

KDNA^:. ^^^Vu;:^i5fc$rffiv^T3 y^^jan^ 
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(0 0 6 81 •^l-try<^'r]} - :77>'^AM J - 2 3 
3 (PERM BP~ 1 4 9 7) :?"^^^KpBY50 
2R$5^»=S: 1 0 Om 1 ^DHlIiaA^«feT>^^»«JiS)^*-C 

«^^:mA*^>. IS(4c^ 2 Om I <r>/</U:^mmm (2 7 2 mM 
Sucrose, 7mM KHg PO4 . 1 mM M 
gCl2 ;pH7. 4) \CXlStt¥Vito ^ h\cm^^m 
*L>5>«IUT«i?). 5m I <0/^/U>^^»«[tc5SfflU 0. 
7 5m I iOmmt. tfiim-cnhflitzfy:^^ KDNA» 



-WNV^1^- {yU:i-y Kth») ^^ffiv^-C. 2 5 0 O^K 
/i- 2 5 a F DICKIE y</u:^i:^m^if:'P\z 2 O 
5^P^^®tfeo ±S$r3m I (DHtiSeAi^iftlC^tS Ot: 
ICT 1 *:>-^-f v-V 1 5 g/m 1 

»S) «:^t^iaffiA3SS^«ife«r«fflt3 0'C-C2-3B 

mms (A) 3S{c®e(o:frife^fflv^x7^7:^^ K«^^ff 

10069] 
{^3J 

CRY30- t h s 



E c o R I 
B amH 1 
Kp n I 
Xh o I 



10 0 7 0] ±mmmmm\zxr)^m<^nbiti>^7^ 

^ K$rpCRY3 0- I h s ^^^U;to Z(Dy>f^^h^ 

pCRY3o-ths <o^m»m\zx^mmj^mm^m 

SiC^-To KpCRY3 0- t h sJCi: 

l?^H^^$n^:^i-tr/<^-r y ^m. - :7 7y^AM J - 
2 3 3 - I h stt, 3ci5!(mo<«rtjmiTS 1*3^C> 

anx : »XflF®«^l 2 8 5 8^ (PERM P- 1 
28 5 8) t b-C««e5F]h,-Cl^6. 

[00 7 1 ] mi&i^5 

-fyTs^. KpCRY30-th s<^S3ti^ 
8Ug2<OA^lftl 0 Om 1 ^5 0 Om l^Hft:77;^^*C 
5>ffeL. 1 2 0t:f 1 5 5>Rgi«(lifti]®Lyi:t><OJC, l^lfe 
«ij 4 X^it.^M^^-:f u- f T y A . 7 AM 
J 2 3 3- t h sSrMiiL. 3Ot:Jcr2 4^01®»l§ 
H^rtToyi:^. i^«lcLTgl9KLfcA^«&l OOm 1 ^ 
5 0 0m iSH^7^;^=»ic^ifcL. i20t:-ei5^ 

f^d$iiU^t><OlC. Iml^^tOSOce 1 ] sOtl^ 
Jc/i61:^iC«j|iU l^i:< 3 0t:iCT2 4^RQM^S 

*:^-r-< »Srl 5 m g/m l<Otl^-C»*)LfcA»ift 
2SttrM^^OA^lft$rffiV^TI5» ty^¥«i^^ic-^S 
Ife^L. 3 0t:tc:r 1 B^#^^W='D^-^3J;i>>h 

(00 7 21 ^(0^:1. :<7:^Wv'VSS^:fo^t;M^ 

(00731 jfelfeWS 

J^ife (^9^0. 4%. (Kil^rv^-^^Al. 4%. KH 



^»r»r;^(0:fc#^ (kb) 

8. 7, 2. 6 

3. 3, 8. 0 

3. 6, 7. 7 

2. 9, 8. 4 
2 PO4 0. 05%. K2 HPO4 0, 05%. MgS 

• 7 H2 O 0 . 0 5%, C a C I 2 • 2 O 2 p 
pm. FeSO^ - 7H2 02ppm. MnSO^ - 4 
'-'6H2 02ppm, ZnSO^ •7H2 02ppm. 
NaCl 2ppm. tr;^f=^:/ 2 0 0 m g/ I . f-TX 

y-vicx 1 00/1 g/K **^^/Ko. 1%. » 

Sai^r;^0. 1%) 1 0 Om I 5:5 0 Om 1 ^H^y'^ 

y^^\z,ji^^^ mk mmk^>\n . o) Lit^^yu\^^< 

^■r y ^A • y=7^^i>^ ( BTevibacterium 
f I avum ) MJ233->ths (PERM P-1 

2 8 58^) stmsl. n^m^^)^^^-y^^^ % / \ 
(r>mL\^tii^Xb\xM7L. 3ot:«cr2 0fai«ffl^«$' 

(0 0 7 41 ^m^mife (i/yw=^-^5%. m 

r>*^»>A2. 3%. KH2 PO4 0. 0 5%. K2 
HPO4 0. 05%, MgS04 • 7H2 00. 05 
%, FeSO^ •7H2O20ppm. MnS04 - 4 
--eHa O2 0ppm. tr±^> 2 0 0 fi g/l> f^T 

^>-HCi 1 oom g/1 . *if ^ys^o. 3%. 

m^=^^:^0. 3%) 01 OOOm I Sr2 1 ^a^tflll^ 

«ictti&i^^. d£S (1 2 0t:. 2 05^fW) SI, 

|^ite<0 2 Om 1 ^WMLX. ©ftslSci 0 00 r pm. ii 
$^fil V vm, ia^3 31::. pH7. 6tCT24^ra^ 

(007 51 iglti^T^. 500ml ;i-e>iS'L^^> 

BiJcx^BI^. SSiAm&7i^{cx2&^i^Lftmi^t:RfC^ 

»t ( (NH4)2 SO4 2 g/ I : KH2 PO4 0. 5 g 
/I ;KH2 PO4 0. 5g/l ;MgSO^ • 7H2 
00. 5g/l ; FeSO^* 7H2 O20ppm ;M 
nSO^ • 4-6H2 O20p pm ; Vtfiiftffil 

OO/ig/l ;pH7. 6] CHOOOml IC®®^. 

^f&mm^ 2 I ^ai^ai¥«tcttji;^. ^//p^-;^ 9 g 
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^W^Ml^X, Ie«(g|^3 0 0 r pm. ^^fiO. 1 v v 
m. aa[3 3*C. pH7. 6ICT2 4P^raS^&^^To 

[0 0 7 6J SISJ^T^. m^^^m (4 00 0 r pm. 

0. 1 5g/l Tfco/c. wiD^;£;|^T^(^i^ 
ill«5 0 Cm I »fiSH4BI>r2|-:x?S!»1«||g (H" §?) 

0. 5NT>'^:=^T*T^ai$i^fc^. L-:^U^-V 

[0 0 7 71 HsiiM^LT. l^«<O^WCT, >^ 

Utr^^^-T" y • :7 7>''^A ( Brev ibacter 
i urn f 1 a V um ) MJ-23 3 (PERM BP 

GTG 
Val 
1 

ACT 
Ser 

CCT 
Pro 

GAG 
Glu 

TCC 
Ser 
65 
GCA 
Ala 

CTC 
Val 

CCA 
Pro 

TTC 
Phe 

GCT 
Ala 
145 

CGC 
Arg 



[0 0 7 8] 

mm(Omm : Genomic DNA 

: HJ233 

1^»^fci"l£-^ : peptide 
^iiim : 1-1446 

#l»^fii^;tufc:fra;:P 



GAG TAG AH TCG ACG CGT GAT GCC ACC CGT ACC CCT GCC CGC TTC 48 
Asp Tyr lie Ser Thr Arg Asp Ala Ser Arg Thr Pro Ala Arg Phe 

5 10 15 

CAT ATT TTC CTC CGC GGT CTA GCA CCA GAG GGC GGC CTA TAG CTC 96 
Asp lie Uu Leu Gly Gly Leu Ala Pro Asp Gly Gly Leu Tyr Leu 

20 25 30 

GCA ACC TAG CCT CAA CTA GAT GAT GCC CAC CTC AGT AAA TGG CGT 144 
Ala Thr Tyr Pro Gin Leu Asp Asp Ala Gin Leu Ser Lys Trp Arg 

35 40 45 

GTA m GCC AAC GAA GGA TAG GCA GCT TTG GCT GCT GAA GH ATC 192 
Val Leu Ala Asn Glu Gly Tyr Ala Ala Leu Ala Ala Glu Val He 
50 55 60 

CTC TTT Cn GAT GAC ATC Ca GTA GAA GAC ATC AAC GCC ATC ACC 240 
Leu Phe Val Asp Asp lie Pro Val Glu Asp He Lys Ala He Thr 
70 75 80 

CCC GCC TAC ACC TAC CCC AAC TTC AAC AGC GAA GAC ATC CTT CCT 288 
Arg Ala Tyr Thr Tyr Pro Lys Phe Asn Ser Glu Asp lie Val Pro 

85 90 95 

ACC GAA CTC GAG GAC AAC AH TAC CTG GGC CAC CH TCC GAA GGC 336 
Thr Glu Leu Glu Asp Asn He Tyr Leu Gly His Leu Ser Glu Gly 

100 105 no 

ACC GCT ca TTC AAA CAC ATG GCC ATC CAC CTG CTC GGC GAA CTT 384 
Thr Ala Ala Phe Lys Asp Uet Ala Het Gin Leu Leu Gly Glu Leu 

115 120 125 

CAA TAC GAG CTT CGC CGC CCC AAC GAA ACC ATC AAC ATC CTA GGC 432 
Glu Tyr Glu Leu Arg Arg Arg Asn Glu Thr He Asn lie Leu Gly 
130 135 140 

ACC TCT CGC GAT ACC GGC TCC TCT GCG GAA TAC GCC ATG CGC GGC 480 
Thr Ser Gly Asp Thr Gly Ser Ser Ala Glu Tyr Ala Met Arg Gly 
150 155 160 

CAC CCA ATC CGC CTA TTC ATG CTG ACC CCA GCT GGC CCC ATG ACC 528 
Glu Gly He Arg Val Phe Met Leu Thr Pro Ala Gly Arg Met Thr 



-12- 



CCA nc 

Pro Phe 

AAC ATC 
Asn lie 

GCT GTC 
Ala Val 
210 
GTG AAC 

Val Asn 
225 

CTT TCC 
Val Ser 

nc TCC 
Phe Ser 

GCC CGC 
Ala Arg 

CAA AAC 
Glu Asn 
290 
CGC AGC 
Arg Ser 
305 

TCC COC 
Ser Arg 

GAC GCC 
Asp Ala 

OGA TTC 
Gly Phe 

TAC GCT 
Tyr Gly 
370 
ATC GCT 
lie Ala 
385 

GCC GAC 
Ala Asp 



165 

CAG CAA GCA 
Gin Gin Ala 

180 
QCC CTC GAC 
Ala Leu Asp 
195 

TCC GCC GAC 
Ser Ala Asp 

TCC ATC AAC 
Ser 11c Asn 

TCA TGG ATC 
Ser Trp lie 
245 

GTA CCA Aa 
Val Pro Thr 

260 
CAA ATG GGA 
Gin Met Gly 
275 

GAT GTG CrC 
Asp Val Leu 

TCC GCA GAC 
Ser Ala Asp 

GCC TCC AAC 

Ala Ser Asn 
325 

AGC CGC GTC 
Thr Arg Val 

340 
TCA CTG OCT 
Ser Leu Ala 
355 

TTC GCC TCC 
Phe Ala Ser 

GAC GTG CAT 
Asp Val His 



CAG ATC 
Gin Met 

GGC GTT 
Gly Val 

GOG GAA 
Ala Glu 
215 

TGG ca 

Trp Ala 
230 

CGC ACC 
Arg Thr 

GGC AAC 
Gly Asn 

CTT CCC 
Leu Pro 

GAC GAG 
Asp Glu 
295 
AGC CAC 
Thr His 
310 

TTC CAG 
Phe Glu 

AAC GAT 
Asn Asp 

GAT GAC 
Asp Asp 

GGA CCA 
Gly Arg 
375 
TCC CGC 
Ser Arg 
390 

GTG GCA 
Val Ala 



GGC GTT CAC 
Gly Val His 
405 

Ca ATC ATC GTC CTA GAA ACT 
Pro lie lie Val Leu Glu Thr 
420 

ATC GTC GAA GCA ATT GGT GAA 



170 175 
TTT CCC CTT CAC CAT CCA AAC ATC TTC 576 
Phe Gly Leu Asp Asp Pro Asn lie Phe 

185 190 
TTC GAC GAT TGC CAA GAC GTA GTC AAG 624 
Phe Asp Asp Cys Gin Asp Val Val Lys 
200 205 
nr AAA AAA GAC AAC CGC ATC GGT GOC 672 
Phe Lys Lys Asp Asn Arg lie Gly Ala 
220 

CGC aC ATG GCA CAG GTT GTG TAC TAC 720 
Arg Leu Met Ala Gin Val Val Tyr Tyr 
235 240 
ACA ACC AGC AAT GAC CAA AAG GTC AGC 768 
Thr Thr Ser Asn Asp Gin Lys Val Ser 

250 255 
TTC GGT GAC ATT TGC GCA GGC CitC ATC 816 
Phe Gly Asp He Cys Ala Gly His lie 

265 270 
ATC GAT CCC CTC ATC CTG GCC ACC AAC 864 
He Asp Arg Leu lie Val Ala Thr Asn 
280 285 
TTC TTC CGT ACC GGC GAC TAC CGA GTC 912 
Phe Phe Arg Thr Gly Asp Tyr Arg Val 
300 

GAC ACC TCX; f CA CCT TCG ATG GAT ATC 960 
Glu Thr Ser Ser Pro Ser Met Asp lie 
315 320 
CGT TTC ATC TTC CAC CTG CTC GGC CGC 1008 
Arg Phe lie Phe Asp Leu Leu Gly Arg 

330 335 
CTA TTT GCT ACC CAG GTT CGC CAA GCC 1056 
Leu Phe Gly Thr Gin Val Arg Gin Gly 

345 350 
GCC AAC TTT GAA AAG GCT GCA GCA GAA 1104 
Ala Asn Phe Glu Lys Ala Ala Ala Glu 
360 365 
TCC ACC CAT GCT GAC CCT GTG GCA AGC 1152 
Ser Thr His Ala Asp Arg Val Ala Thr 
380 

CTC GAC CTA CTA ATC GAT CCC CAC ACC 1200 
Leu Asp Val Leu He Asp Pro His Thr 
395 400 
CGC CAG TGG AGG GAC GAC CTC AAC ACC 1248 
Arg Gin Trp Arg Asp Glu Val Asn Thr 

410 415 
GCA CTC CCA GTG AAA TTT GCC GAC ACC 1296 
Ala Leu Pro Val Lys Phe Ala Asp Thr 

425 430 
GCA CCT CAA ACT CCA GAG CGT TTC GCC 1344 
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lie Val Clu Ala lie Gly Clu Ala Pro Gin Thr Pro Glu Arg Phe Ala 

435 4^0 445 

GCG ATC ATG GAT GCl CCA TTC AAC GH TCC GAC ah CCA AAC GAC ACC 1392 
Ala He Met Asp Ala Pro Phe Lys Val Ser Asp Leu Pro Asn Asp Thr 

450 455 460 

GAT GCA Cn AAG CAG TAC ATA GTC CAT GCG ATT GCA AGC ACT TCC CTG 1440 
Asp AJa Val Lys Gin Tyr lie Val Asp Ala lie Ala Asn Thr Ser Val 



465 470 
AAG TAA 

Lys 



475 



480 



1446 
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C 1 2R 1:15) 

(C 1 2N 1/21 

C 1 2 R 1:15) 

(C 1 2 P 13/08 
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